From August, 1996 to December, 1997, 293 of "dourado" specimens, Salminus maxillosus (Valencienes, 1840, of various sizes, were caught in Mogi-Guaçu River, Emas Falls, for hematologic studies. Total weight (Wt in g) and length (Lt in cm) were taken for each individual animal. Smears were prepared from blood samples and utilized for differential leukocyte counts (lymphocytes, neutrophils, monocytes, eosinophils, special granulocytic cell and immature cells). The mean percentages of leukocytes were determined according to sex and stage of gonadal maturation (immature, in maturation, mature, spent and resting). Significant differences between male and female occurred only for the special granulocytic cell. In analyzing the leukocyte profile during gonadal development, only female showed significant differences in mean percentages of lymphocytes, neutrophils, monocytes and eosinophils.
INTRODUCTION
Detailed comparative studies in human and domestic animals have delineated conditions to show that blood is the only "mirror" in which vital processes occurring in organisms are reflected (Srivastava, 1969) . Blood cells represent a free, connective tissuetype cell, which neither maintain intimate connections with other cells, nor possess intercellular substances, constituting the homeostatic force of the organism (Kalashnikova, 1976) . Hematopoietic tissues produce and subsequently release them into the plasma bloodstream, in wich they are suspended. The factors that determine and maintain the characteristic forms of the blood cells are the specific molecular constituents of the membrane structures and colloid, where a provoked alteration in any of these constituents may be responsible for atypical cells, permitting an early diagnosis of a possible pathology (Cormack, 1991) .
When hematologic values are considered, one must realize that these reflect the response of organism and should be regarded in comparison with normal values for that species, as related by Quentel & Obach (1992) . With normal limits of variation it is possible to correlate internal changes, establishing levels for a well-being state for organisms.
The determination of normal blood values must take into account also some biological information, because hematologic tissues undergo variation as a result of endogenous conditions (Pitombeira, 1972; Kavamoto et al., 1983 Kavamoto et al., , 1985 Sarasquete, 1984; Ranzani-Paiva & Godinho, 1983; Ranzani-Paiva, 1991 , 1995 , 1996 Ranzani-Paiva & Eiras, 1992; Rambhaskar & Rao, 1987) . Nonetheless, the influence of environmental variation on the hematologic picture has demonstrated that exogenous factors such as temperature, pressure, salinity, pH, and dissolved O 2 , among others, can alter blood values (Mahajan & Dheer, 1979) . This variation in blood composition is observed, not only among different species, but also in individuals of the same species or even in a single individual, depending on the environmental and physiological conditions to which fish are subjected (Kalashnikova, 1976) .
In this work, the organism elected for study was S. maxillosus, commonly known as "dourado", Characidae, is one of the most important species from both a commercial and ecological point of view in the regions in which they live. The aim was to study the possible alterations in differential leukocyte counts of Salminus maxillosus, in Mogi-Guaçu River, Emas Falls, located at Pirassununga, SP, in relation to sex and stage of gonadal maturation.
MATERIAL AND METHODS
During the period of August, 1996 to December, 1997, about 20 specimens of "dourado", S. maxillosus, of various sizes were caught monthly in Mogi-Guaçu River, in stretches above and below the barrier, of Emas Falls (21°58'S-47°26'W, altitude of 560 m), at Pirassununga, SP. The catch was carried out utilizing different forms of fishing gear (fishhook, fishing net and trawling net).
After the catch, fishes were transported to the Biology of Fluvial Fishes Laboratory "Dr. Pedro de Azevedo", Fishery Institute, Pirassununga. They were stored in asbestos-cement boxes with a capacity of 1000 liters, filled with water continuously aerated through a compressor, for a period of two hours.
Blood samples were withdraw by caudal puncture with help of disposable syringes lightly moistened with a diluted heparin solution and utilized for the identification and differential leukocyte counting performed with blood smears stained with May-Grünwald-Giemsa according to Rosenfeld (1947) . The smears were examined by light microscopy using an oil immersion objective.
After the collection of the blood sample, the fish was stunned, weighed (total weight in g) and measured (total length in cm). The sex and stage of gonadal development was determined by macroscopic inspection of the gonads, according to Barbieri et al. (2001) The following stages were recognized: immature (I); maturation (II); mature (III); spent (IV) and resting (V).
The means and standard deviation for each leukocyte percentage were calculated for each individual considering sex and stage of gonadal maturation. The computational program LSMLMW (Harvey, 1987) was utilized to determine the influence of some biological effects on the percentage of leukocytes, whereby analyses were performed by the method of least squares, as a result of unequal numbers of repetitions of the subclasses studied.
RESULTS AND DISCUSSION
In this study 293 specimens of S. maxillosus were analyzed, being 113 male (total length varying 37.5 to 73.5 cm and a total weight of 540 to 4,400 g) and 180 female (total length varying 35.6 to 73.5 cm and a total weight of 480 to 7,030 g).
The Fig. 1 shows the different cells identified in blood smears of S. maxillosus. 1) Erythrocytes: elliptical cells with a central nucleus generally following the shape of cell; they have a compact chromatin and acidophilic cytoplasm which occupies most of cell. 2) Thrombocytes: possess various shapes (round, oval or fusiform), with large nuclei which follow the contour of cell and sparse cytoplasm weakly staining with eosin. They generally are found to be key agents in the process of coagulation (Casillas & Smith, 1977) , in addition as a part of the inflammatory process (Matushima & Mariano, 1996) . 3) Lymphocytes: often small cells; but it is possible to find some large lymphocytes. Their nucleus occupy most of the cell and chromatin is compact and homogeneous, and cell contains a paucity of basophilic-staining cytoplasm. 4) Neutrophils: round cells with an eccentric nucleus that can vary in shape from round to segmented, with the chromatin slightly compact; the cytoplasm is abundant and is lightly stained by eosin with observable fine clumps. 5) Monocytes: large cells of varying shape having also a large nucleus, occupying about two-thirds of the cell; the cytoplasm appears discreetly basophilic, vacuolized and lacking granuoles. Monocytes can phagocytize circulating bacteria and viruses and are immediate precursors of macrophages, when they migrate to areas of acute inflammation with an enormous capacity for phagocytosis. 6) Eosinophils: round shape, and normally the nucleus is eccentric and the cytoplasm keeps large eosinophilic granules. 7) Special granulocytic cells: similar in size to neutrophils; however, nucleus is eccentric and chromatin is very dense, the cytoplasm shows granules that in some cells are not stained by acidic or basic dyes. The last cells show cytochemical properties similar to those of neutrophils and were therefore designated by Veiga et al. (2000) as type II neutrophils. 8) Immature cells: have a slightly round shape, with a large nucleus occupying almost all the cell and chromatin distributed in fine clumps, and the cytoplasm is intensely stained by hematoxylin.
The most abundant cells in the peripheral blood of S. maxillosus were lymphocytes and neutrophils (Table 1) , which was also demonstrated in Pimelodus maculatus (Ribeiro, 1978) , Synbranchus marmoratus (Nakamoto et al., 1991) , Mugil platanus (Ranzani-Paiva, 1995) , and Oncorhynchus mykiss (Ranzani-Paiva et al., 1998) .
According to statistical analysis presented in Table 1 , a significant difference occurred only between the mean percentage of male and female the special granulocitic cell (SGC). The other cell types did not show differences between sexes. Table 2a and 2b shows the mean differential leukocyte counts according to gonadal maturation stage. Through analyses of variance it was found that the percentage of different leukocytes in male did not show significant variation (p > 0.05). However, a marked variation was determined in female between stages for lymphocytes, neutrophils, monocytes and eosinophils (p < 0.05). No significant difference among stages could be found for other cell types (SGC and immature cells).
It is clearly evident that female increased percentage of immature cells in stage I. This probably occurs due to the needs of the organism for attaining maturity. Thus, the hematopoietic tissues must release into circulation still immature cells with greater intensity. Pickering (1986) , studying Salmo trutta, observed a reduction in the number of lymphocytes in mature specimens of both sexes, which did not occur in Salminus maxillosus, but on the opposite it showed an increased percentage of lymphocytes in mature female. This author even correlated the decrease in lymphocytes with inter-renal activity and suggested that a biological consequence of lymphopenia could be related to the fish capacity when trying to defend itself against pathogens. Thus, sexual maturation of Salmo trutta is accompanied by susceptibility to disease. In relation to neutrophils, the results obtained in this work agree with those of Cavicchioli & Zavarini (1977) , who demonstrated in Coregonus macrophthalmus female a decrease in neutrophil levels during spawning, with the opposite happing in male. This change is also possible due to fish sensitivity to variation in temperature, more than to a compensatory immune mechanism (Quentel & Obach, 1992) . Increases in neutrophil percentage is generally associated with some pathology in fish, as reported for an infection by Ichithyophthirius multifilis (Hines & Spira, 1973) , a viral infection in Oncorhynchus nerka (Watson et al., 1956) , an infection by digenetic parasites in Channa punctatus (Mahajan & Dheer, 1979) , and an infection by ectoparasites during the reproductive period in adult specimens of Salmo trutta (Pickering, 1986) . When the percentages of leukocytes are analyzed in relation to the biological data of total weight and total length (Table 3) , it is noted that the "r" values are rather low with shows that these percentages do not change with fish growning.
CONCLUSIONS
The analysis of hematologic parameters in relation to the biology of "dourado", S. maxillosus, allows us to conclude: 1) The detected variation did not show a correlation with sex. 2) The stage of gonadal development is responsible for the changes in some leukocyte percentages in the peripheral blood of female. 3) The total length factor of individual animals did not influence the hematologic variables. 
